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(54) Optical disc apparatus 



(57) An optical disc apparatus which realizes high 
density disc recording using an existing disc and an ex- 
isting recording signal processor. When recording data 
on a recordable disc corresponding to an existing first 
standard, either one of first and second recording signal 
processors 9 and 10 can be selectively used, so that 
data recording in the high density recording mode which 
allows data generated by the second recording signal 



processor 10 to be recorded on a recordable disc cor- 
responding to the first standard can be performed. As a 
result, the existing second standard data format can be 
used with regard to a disc corresponding to the existing 
first standard, so that recording can be performed at a 
higher density than when the first standard data format 
is used for the same disc, thereby increasing recording 
capacity. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an apparatus 
and a method for recording data onto an optical disc. 

Description of Related Art 

[0002] Known optical disc standards for optically re- 
cording and reproducing data using an optical head in- 
clude the CD (Compact Disc) and DVD (Digital Versatile 
Disc) standards. DVDs have the same disc diameter as 
CDs to secure mechanical compatibility therebetween 
and also provide a higher recording density than CDs to 
satisfy a need for higher capacity. 
[0003] DVD drives for reproducing such DVDs main- 
tain capability with CDs and are therefore capable of re- 
producing CDs as well. 

[0004] Recordable optical discs can be realized in 
both CDs and DVDs. While there are presently only two 
common standards for recordable CD discs, the CD-R 
(Recordable) or CD-RW (Rewritable) standards, vari- 
ous recordable disc systems now coexist such that a de 
facto DVD standard has not been established. 
[0005] Further, despite the disadvantage that the re- 
cording method of the CD standard allows only a much 
smaller of data to be stored on a disc than the DVD 
standard recording method, the existence of the record- 
able CD standards described above has led to the mass 
marketing of inexpensive LSIs for CD-R and CD-RW re- 
cording signal processors. In addition, CD-R discs and 
CD-RW discs are also much less expensivethan record- 
able DVD discs. 

[0006] On the other hand, because the standard stor- 
age capacities of CD-R and CD-RW are 650 MB or 700 
MB, there is a demand for a higher storage capacity so 
as to meet the current situation in which a file data 
amount processed by a personal computer is being in- 
creased. 

[0007] Therefore, there has been proposed a method 
in which the length of recording marks composed of pits 
and lands to be recorded on a disc is reduced while the 
CD data format, namely a modulation code and an error 
correction code (ECC) for CDs are used, thereby in- 
creasing the data recording density compared to the line 
density specified by the CD standard and increasing 
storage capacity of the disc. (See Japanese Patent 
Laid-Open Publication No. 2002-25064) 
[0008] According to the method disclosed in Japa- 
nese Patent Laid-Open Publication No. 2002-25064, 
there are advantages that an inexpensive mass-market- 
ed recording signal processor LSI can be used, the sys- 
tem design can be simplified, and existing discs can be 
used. 

[0009] According to this method, however, because 



the format efficiency is fixed according to a data format, 
it is not possible to perform high density disc recording 
by increasing the format efficiency. Consequently, when 
a laser beam (beam of focused laser light) having a 
5 wavelength which conforms to the CD standard is used 
for disc recording and reproduction, the length of record- 
ing marks cannot be reduced significantly due to the la- 
ser spot diameter, which in turn impairs attempts to in- 
crease the recording density. 

10 

SUMMARY OF THE INVENTION 

[0010] The present invention was conceived in view 
of the aforementioned problems of the related art and 

15 provides an optical disc apparatus for recording data by 
emission power from an optical head on a recordable 
optical disc corresponding to a first optical disc stand- 
ard, comprising a signal processor for applying signal 
processing to input data to generate recording data in 

20 accordance to a disc format which conforms to a second 
optical disc standard having a higher format efficiency 
than that of the first optical disc standard, wherein the 
recording data generated by the signal processor is re- 
corded on a recordable optical disc corresponding to the 

25 first optical disc standard. 

[0011] In accordance with one aspect of the present 
invention, there is provided an optical disc apparatus for 
recording data by emission power from an optical head 
on a recordable optical disc corresponding to a first op- 

30 tical disc standard, comprising a first signal processor 
for applying signal processing to input data to generate 
recording data in accordance with a disc format which 
conforms to the first optical disc standard; a second sig- 
nal processor for applying signal processing to input da- 

35 ta to generate recording data in accordance with a disc 
format which conforms to a second optical disc standard 
having a higher format efficiency than that of the first 
optical disc standard; and a controller for selecting the 
first signal processor as a processor for applying signal 

40 processing to the input data, when a standard recording 
mode is indicated as a data recording mode with respect 
to a recordable optical disc corresponding to the first op- 
tical disc standard, and selecting the second signal 
processor as a processorfor applying signal processing 

45 to the input data, when a high density recording mode 
is indicated as a data recording mode with respect to a 
recordable optical disc corresponding to the first optical 
disc standard, wherein the recording data obtained by 
the signal processing of one of the first signal processor 

50 and the second signal processor which is selected by 
the controller is recorded on a recordable optical disc 
corresponding to the first optical disc standard. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

[0012] These and other advantages of the invention 
will be explained in the description below, in connection 
with the accompanying drawings, in which: 
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Fig. 1 is a circuit block diagram showing an embod- 
iment of an optical disc apparatus according to the 
present invention; 

Fig. 2 is an explanatory view for explaining the of 
CD-R/RW disc formats; 

Fig. 3 is an explanatory view for explaining one ex- 
ample disc format of the high density recording 
mode; 

Fig. 4 is a flowchart showing a routine for determin- 
ing a disc being used when the disc format of the 
high density recording mode shown in Fig. 3 is 
used; 

Fig. 5 is an explanatory view for explaining another 
example disc format of the high density recording 
mode; and 

Fig. 6 is a flowchart showing a routine for determin- 
ing a disc being used when the disc format of the 
high density recording mode shown in Fig. 5 is 
used. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0013] Fig. 1 is a circuit block diagram showing an em- 
bodiment of an optical disc apparatus according to the 
present invention. The optical disc apparatus in Fig. 1 
is an innovative CD-R/RW drive capable of recording 
and reproducing CDs and reproducing DVDs, and also 
capable of recording signal processing and reproducing 
signal processing corresponding to a data format which 
complies with the DVD standard. 
[0014] Referring to Fig. 1 , an optical head 1 emits la- 
ser beam for tracing a signal track of a disc D for writing 
and reading a data signal with regard to the disc. The 
optical head 1 includes, as light sources, a first laser 
diode 1a for emitting laser beam having a wavelength 
of 780 nm which is used for recording and reproduction 
of CDs and a second laser diode 1b for emitting laser 
beam having a wavelength of 650 nm which is used for 
reproduction of DVDs. The optical head 1 is configured 
such that the laser beam emitted from each laser diode 
1a, 1 b is applied to a CD disc or a DVD disc via an ob- 
jective lens (not shown) having two focal points. 
[0015] A front-end processor 2 generates an RF sig- 
nal (a radio frequency signal) of a data signal read from 
the disc using various optical outputs generated by the 
optical head 1 . The front-end processor 2 then controls 
gain of the RF signal to an optimum level and also equal- 
izes the RF signal in accordance with each disc so as 
to provide binary data. Further, the front-end processor 
2 generates a focus error signal indicative of a focus 
deviation of laser beam applied onto the disc from the 
optical head 1 with respect to the signal plane of the disc 
and a tracking error signal indicative of a tracking devi- 
ation of the laser beam with respect to the signal track 
on the disc. 

[0016] A head servo circuit 3 performs focusing con- 
trol for focusing the main beam on the signal side of the 



disc in accordance with the focus error signal, tracking 
control for controlling the main beam so as to track the 
signal track of the disc in accordance with the tracking 
error signal, and thread feeding control for moving the 
5 optical head 1 in the radial direction of the disc. 

[0017] An ATIP decoder 4 demodulates ATIP (Abso- 
lute Time In Pre-Groove) address, which is a time infor- 
mation address, from a wobble signal extracted from the 
pre-groove of a CD type recording disc (CD-R, CD-RW) 
10 by the front-end processor 2. 

[0018] A CD decoder 5 decodes the data from the disc 
which is supplied from the front-end processor 2 in ac- 
cordance with a data format which is specified by the 
CD standard in synchronization with a bit clock. More 
15 specifically, the CD decoder 5 decodes the data based 
on EFM (Eight to Fourteen Modulation) and CIRC 
(Cross Interleaved Reed-Solomon Code), which are 
adopted as a modulation code and an error correction 
code, respectively, in the CD standard. 
20 [0019] A DVD decoder 6, on the other hand, decodes 
the data from the disc which is supplied from the front- 
end processor 2 in accordance with a data format in the 
DVD standard in synchronization with a bit clock. More 
specifically, the DVD decoder 6 decodes data based on 
25 EFM-Plus and RS (Reed-Solomon) Product-Code, 
which are adopted as a modulation code and an error 
correction code, respectively, in the DVD standard. 
[0020] An interface 7 controls data reception and 
transmission with respect to a master device such as a 
30 personal computer which is connected to the interface 
7 via a connection terminal 8. 

[0021] A CD encoder 9 encodes data which is input 
via the interface 7 based on the data format in the CD 
standard to generate CD data having a data structure 
35 which conforms to the data format. 

[0022] A DVD encoder 1 0 encodes data which is input 
via the interface 7 based on the data format in the DVD 
standard to generate DVD data having a data structure 
which conforms to the data format. 
40 [0023] The data input via the interface 7 is temporarily 
stored in a buffer RAM 11 . The data in the buffer RAM 
11 is used by the CD encoder 9 and the DVD encoder 
1 0 when data encoding is performed and by the CD de- 
coder 5 and the DVD decoder 6 when data decoding is 
45 performed. A system controller 12 controls the whole 
system concerning disc recording and reproduction. 
[0024] A write strategy circuit 13 controls emission 
power of the optical head 1 such that optimum recording 
can be achieved with regard to the disc in consideration 
50 of recording characteristics of each of a CD-R disc and 
a CD-RW disc. A laser driving circuit 14 drives the first 
laser diode 1a and the second laser diode 1b in re- 
sponse to an APC (Automatic Power Control) circuit (not 
shown) included in the front-end processor 2 at the time 
55 of data reproduction of CD and DVD, and drives the first 
laser diode 1a of the optical head 1 in accordance with 
a pulse signal generated from the write strategy circuit 
1 3 at the time of data recording. 
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[0025] The apparatus furthercomprises aspindle mo- 
tor 1 5 for driving a disc for rotation, a motor driving circuit 
1 6 for driving the spindle motor 1 5, and a motor control- 
ler 1 7 for controlling the motor driving circuit 1 6. The mo- 
tor controller 1 7 is capable of controlling the rotation of 
the disc to maintain a constant linear velocity using a 
synchronization signal extracted from the data signal re- 
corded on the disc and a bit clock, or in synchronization 
with an ATIP signal which is demodulated by the ATIP 
decoder 4, and also capable of controlling the rotation 
of the disc to maintain a constant angular velocity using 
a pulse signal which is generated in accordance with the 
rotation of the spindle motor 1 5. 

[0026] The optical disc apparatus of Fig. 1, which is 
configured as described above, is capable of reproduc- 
tion of CDs and DVDs, of data recording onto each of 
CD-R and CD-RW discs in a standard recording mode 
which conforms to the CD standard, and of recording 
onto CD-R and CD-RW discs in a high density recording 
mode corresponding to the DVD data format. 
[0027] The disc format of CD-R/RW will be described. 
As shown in Fig. 2, a CD-R/RW disc of typical disc for- 
mat includes, from the inner to outer periphery, a PCA 
(Power Calibration Area) 110, a PMA (Program Man- 
agement Area or Program Memory Area) 1 20 ; a lead-in 
area 130, a pre-gap area 140, a program area 150 and 
a lead-out area 160. 

[0028] The PCA 110 further includes a test area 112 
used for test recording and a counter area 114 counting 
the number of test recordings performed. The PMA 1 20 
is an area which is used to temporarily store a temporary 
table of content of the disc until a session is closed. 
When a session is closed, the table of content informa- 
tion stored in the PMA 120 is recorded in the lead-in 
area 130 as proper TOC (Table Of Content). A mode for 
writing data on a CD-R or CD-RW disc according to the 
above format is referred to as a standard recording 
mode. 

[0029] For a high density recording mode, on the oth- 
er hand, a special disc format which differs from the 
CD-R/RW disc format is employed. More specifically, as 
shown in Fig. 3, a disc corresponding to the high density 
recording mode includes, from the innerto outer periph- 
ery, a format area 210, a PCA 220, a PMA and TOC 
area 230, a program area 240, and a lead-out area 250. 
In Fig. 3, the area name of the typical format (see Fig. 
2) corresponding to each area 210 to 250 is described 
in parentheses in the corresponding block. 
[0030] In the format area 21 0, specific data irrelevant 
to the PCA is padded according to a format command 
exclusively used for the high density recording mode. 
The specific data to be padded may be data of all zeros, 
for example. 

[0031] In the disc format forthe high density recording 
mode (see Fig. 3), in contrast to the typical CD-R/RW 
disc format (see Fig. 2), the format area 21 0, the PCA 
220, and the PMA (and the TOC area) 230 are formed 
at the locations corresponding to the PCA 1 1 0, the PMA 



120, and the lead-in area 130, respectively. Further, the 
program area 240 starts from the start position of the 
pre-gap 140 and terminates immediately before the 
lead-out area 160. 
5 [0032] In the disc format corresponding to the high 
density recording mode, because the area 230 corre- 
sponding to the lead-in area 130 on which the TOC is 
written in the typical CD-R/RW disc format is used as 
the PMA and TOC area, the area which is available for 
10 the TOC area is smaller than that in the CD-R/RW disc 
format. In the DVD data format, however, as there is no 
concept of sub-codechannel which exists in the CD data 
format and the TOC data is recorded in the main chan- 
nel, the capacity required for TOC data is smaller than 
15 that in the CD-R/RW disc format. It is therefore possible 
to secure a sufficient data capacity for recording the 
TOC data even when the space corresponding to the 
lead-in area 1 30 of the conventional format is used both 
for the PMA and the TOC, as shown in Fig. 3. 
20 [0033] The PMA 230 of the data format shown in Fig. 
3 can be used in a method as described below, for ex- 
ample. First, when writing a session on the disc, PMA 
data (PMD) which is temporary TOC information is writ- 
ten in the main channel of the PMA 230. Here, in the 
25 standard recording mode (See Fig. 2), when the session 
is closed, the data recorded in the PMA 120 is written 
in the lead-in area 130. In the high density recording 
mode, however, when the session is closed, the PMA 
data written in the PMA 230 is used per se, as data cor- 
30 responding to the TOC data of the CD standard, rather 
than rewriting the PMA data recorded in the PMA 230 
into another area. It is therefore required that a reading 
apparatus for reading data recorded on the disc in the 
high density recording mode be provided with a function 
35 which allows use of the data written in the PMA 230 as 
the TOC data. 

[0034] The method of using the PMA 230 is not limited 
to the above example. For example, the PMA 230 may 
be divided into an area in which temporary TOC data 
40 (PMD) is recorded and an area in which the proper TOC 
data after session close is recorded. In this case, similar 
to the case of the conventional CD-R/RW, the data re- 
corded in the area storing the temporary TOC data is 
rewritten in the area for recording the proper TOC data. 
45 [0035] Another example disc format corresponding to 
the high density recording mode is shown in Fig. 5. A 
disc of this format includes, from the inner to outer pe- 
riphery, a PCA 310, a format area 320, a PMA (including 
a TOC area) 330, a program area 340, and a lead-out 
50 area 350. In this disc format, when compared with the 
typical CD-R/RW disc format (in the standard recording 
mode), the PCA 31 0, the format area 320, and the PCA 
(including TOC area) 330, are formed at the locations 
corresponding to the PCA 110, the PMA 120, and the 
55 lead-in area 130, respectively. In Fig. 5, the area name 
in the typical format (see Fig. 2) corresponding to each 
area 310 to 350 is described in parentheses in the cor- 
responding block. 
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[0036] In this disc formatforthe high density recording 
mode, an area corresponding to the lead-in area 130 of 
the CD-R/RW disc format is used as the PMA 330 in- 
cluding the TOC area. The PMA data (PMD), which also 
serves as the TOC data of the CD format, is recorded 
in the main channel of the PMA 330, and is used as the 
data corresponding to the TOC data after session close. 
(In this case, the lead-in of the PMA data is formed in 
the leading edge of the session.) 
[0037] Specific data irrelevant to the PMA is padded 
over the entire region of the format area 320 according 
to a format command exclusively used in the high den- 
sity recording mode. The specific data may be all "zero" 
bits data, for example. Alternatively, the specific data 
may be device information data such as a manufacturer 
identification code, a model number, a serial number a 
code indicative of a disc format in the high density re- 
cording mode. 

[0038] An operation of the optical disc apparatus 
shown in Fig. 1 will be described with reference to Fig. 
4 which shows a flowchart of a routine for detecting a 
disc type being used. The flowchart of Fig. 4 shows a 
disc type detection routine in an apparatus which uses, 
as a disc format in the high density recording mode, the 
format shown in Fig. 3. 

[0039] When a disc is mounted, the first laser diode 
1 a of the optical head 1 is first driven into a reproduction 
state by the laser driving circuit 14 in accordance with 
the level of light reflected from the disc. Then, detection 
of an ATIP signal on the disc is performed. A disc type 
detection module 18 in the system controller 12 deter- 
mines whether the disc is a recordable disc or a repro- 
duction only disc based on the result of detection of ATIP 
signal (step a). Specifically, when an ATIP signal is not 
detected, the disc is judged as a reproduction only disc 
(step b). Note that when a disc is judged to be a repro- 
duction only disc, it is then determined whetherthe disc 
is a CD or a DVD. 

[0040] When an ATIP signal is detected at step a, on 
theother hand, the disc type detection module 1 8 judges 
the disc as a recordable disc, namely a CD-R or a 
CD-RW. Then, the disc type detection module 18 ac- 
quires data in a region on the disc corresponding to the 
PCA on the recordable CD disc format (step c). 
[0041] The disc type detection module 18 then judges 
whether any data exists in the disc region corresponding 
to the PCA (step d). When no data exits in this area, the 
disc type detection module 1 8 determines that the disc 
is a blank disc on which no data has been recorded. 
[0042] When it is determined at step d that data exists 
in the area corresponding to the PCA, the data is de- 
modulated in accordance with the CD-R/RW standard 
to determine whether or not the data can be read as PCA 
data (step f). 

[0043] At step f , when the data can be read, the data 
is relevant to the PCA, whereas when the data cannot 
be read, the data is irrelevant to the PCA. 
[0044] More specifically, at step f , an attempt is made 



to obtain a count value indicative of the number of the 
test recording in the PCA. Whether or not the data can 
be read is determined as a result of this attempt. 
[0045] When it is determined that the data acquired 
5 at step c is irrelevant to the PCA, it is determined that 
data recording in the high density recording mode has 
been performed on the disc (step g). 
[0046] On the other hand, when the data acquired at 
step c is determined as recording calibration data in 
10 compliance with the CD-R/RW standard, it is deter- 
mined that data recording in the standard recording 
mode has been performed on the disc (step h). 
[0047] When the disc format corresponding to the 
high density recording mode as shown in Fig. 5 is em- 
's ployed, the disc type detection process is as shown in 
the flowchart of Fig. 6. In Fig. 6, steps j, k, and 1 have 
replaced the steps c, d, and f , respectively, of the proc- 
ess in Fig. 4, and other steps are the same as the cor- 
responding steps in Fig. 4. 
20 [0048] At step j in Fig. 6, an area on the disc corre- 
sponding to the PMA in the standard recording mode is 
accessed to detect a signal in this area. At step k, it is 
determined whether or not this region is in a data full 
state in which a signal is recorded over the whole region 
25 of this area. When the data full state is not detected, the 
disc is determined to be a blank disc (step e). 
[0049] When the data full state of the area is deter- 
mined at step k, it is subsequently judged whether or not 
the data can be read in the standard recording mode 
30 (step 1). 

[0050] More specifically, at step 1 , the data in that ar- 
ea is demodulated in accordance with the PMA specifi- 
cation to determine whether or not the data is readable. 
When the data cannot be read (namely, it is determined 

35 that the data is irrelevant to the PMA), it is determined 
that data has been recorded on the disc according to 
the high density recording mode. On the other hand, 
when the data can be read (namely, it is determined that 
the data is relevant to the PMA), it is determined that 

40 data has been recorded on the disc according to the 
standard recording mode. 

[0051] As a result of detection of the disc type, when 
the disc is judged to be either a disc on which data has 
been recorded in the high density recording mode or a 
45 blank disc, it is determined that recording in the high 
density recording mode can be performed with regard 
to the disc. 

[0052] On the other hand, when the mounted disc is 
judged to be either a disc on which data has been re- 
50 corded in the standard recording mode or a blank disc, 
it is determined that recording in the standard recording 
mode can be performed. 

[0053] The judgment of allowable recording mode 
based on the disc type detection as described above is 
55 performed by the system controller 12. The allowable 
recording mode determined in this manner can be noti- 
fied via the interface 7 to the master device connected 
with the connection terminal 8. The master device, when 
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receiving such a notification, can indicate allowable re- 
cording modes to the user, who may then select a re- 
cording mode to be used, for example. The master de- 
vice then issues a recording command indicating the re- 
cording mode selected by the user to the optical disc 
apparatus of the present embodiment. 
[0054] Further, the system controller 12 inhibits issu- 
ance of a recording command regarding the standard 
recording modeto a disc which is determined by the disc 
type detection module 1 8 to be a disc on which data has 
been recorded in the high density recording mode, and 
inhibits issuance of a recording command regarding the 
high density recording mode to a disc which is deter- 
mined by the disc type detection module 1 8 to be a disc 
on which data has been recorded in the standard re- 
cording mode. In other words, the system controller 12 
prevents data from being recorded on a disc in a format 
which does not correspond to the format of data already 
recorded on the disc. For example, when the system 
controller 1 2 is instructed by the master device to record 
data in such a format that does not correspond to the 
format of data which has been recorded, the system 
controller 12 does not accept the instruction. In this 
case, the system controller may return an error mes- 
sage to the master device. 

[0055] The recording operation of the optical disc ap- 
paratus when receiving a recording command from the 
master device will be described. 
[0056] First, recording in the standard recording mode 
will be described. 

[0057] When receiving a recording command re- 
questing disc recording in the standard recording mode 
from the master device connected with the connection 
terminal 8, the system controller 12, in order to prepare 
for disc recording corresponding to the disc format of 
the recordable CD in response to the request, switches 
each circuit shown in Fig. 1 into a state for performing 
disc recording of the standard recording mode and se- 
lects a recording signal processing system which uses 
the CD encoder 9. 

[0058] Further, in accordance with the request for the 
standard recording mode and a detected disc type, set- 
ting of the front-end processor 2, the head servo circuit 
3 : the write strategy circuit 13, and the laser driving cir- 
cuit 1 4 is switched such that an operation suitable to the 
disc recording can be performed. 
[0059] Also, in orderto perform a recording operation 
at a recording rate requested by the recording command 
from the master device, the motor controller 1 7 controls 
the motor driving circuit 1 6 so that the disc is driven at 
a rotation rate corresponding to the recording rate set 
by the system controller 12. 

[0060] The write strategy circuit 1 3 controls the laser 
driving circuit 14 so as to set the emission power of the 
first laser diode 1 a of the optical head 1 to a prescribed 
recording level which complies with the set recording 
rate. 

[0061 ] Priorto the start of disc recording, the PM A 1 20 



of the disc is detected using the ATIP information and 
data is read from the PMA 1 20. It is then confirmed, from 
the data reading result, that a session has not been 
closed. Also, disc information data is acquired from the 
5 PMA data, and, based on the acquired disc information 
data, it is determined whether or not disc recording is 
possible and an address at which data recording can be 
performed. 

[0062] Further, test recording is performed on the 

10 PCA 11 0 attheset recording rate while varyingthe emis- 
sion power of the optical head 1 in steps, so that the 
emission power of the optical head 1 is set to an opti- 
mum recording level at which an error rate can be min- 
imized when reproducing these test recording signals. 

15 [0063] In a state wherein disc recording has been pre- 
pared as described above, a command for requesting 
recording and data to be recorded is transmitted from 
the master device and received via the interface 7, and 
the data is then written in the buffer RAM 11 . 

20 [0064] When the amount of data written in the buffer 
RAM 1 1 reaches a level which permits start of encoding 
process, the data is read from the buffer RAM 11 and 
encoded by the CD encoder 9 for generating CD data 
having a structure in accordance with the data format of 

25 the CD standard. 

[0065] The CD data is then supplied to the write strat- 
egy circuit 13, which generates a recording pulse based 
on the CD data such that disc recording can be per- 
formed at the optimum recording level set by the test 

30 recording on the PCA, taking consideration of the re- 
cording characteristics of CD-R or CD-RW depending 
on the recordable disc of interest. Consequently, the first 
laser diode 1a of the optical head 1 is driven to form a 
recording mark based on the CD data on the disc in ac- 

35 cordance with the recording pulse, thereby recording 
the data onto the disc. 

[0066] Next, a recording operation in the high density 
recording mode for recording data corresponding to the 
DVD data format onto a CD-R disc or a CD-RW disc will 

40 be described. 

[0067] In a case wherein it is determined that record- 
ing in the high density recording mode is possible, when 
receiving a recording command requesting disc record- 
ing in the high density recording mode from the master 

45 device connected with the connection terminal 8, the 
system controller 1 2, in order to prepare for disc record- 
ing corresponding to the disc format of the high density 
recording mode in response to the request, switches 
each circuit shown in Fig. 1 into a state for performing 

50 disc recording in the high density recording mode and 
selects a recording signal processing system which us- 
es the DVD encoder 1 0. 

[0068] Further, in accordance with the request for high 
density recording mode and a detected disc type, setting 
55 of the front-end processor 2, the head servo circuit 3, 
the write strategy circuit 13 and the laser driving circuit 
1 4 is switched such that an operation suitable to the disc 
recording can be performed. 
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[0069] Also, in orderto perform a recording operation 
at a requested recording rate, the motor controller 17 
controls the motor driving circuit 16 so that the disc is 
driven at a rotation rate corresponding to the recording 
rate set by the system controller 12. The write strategy 
circuit 1 3 then controls the laser driving circuit 1 4 so as 
to set the emission power of the first laser diode 1a of 
the optical head 1 to a prescribed recording level which 
complies with the set recording rate. 
[0070] Prior to the start of disc recording, the PMA da- 
ta on the disc is detected using the ATI P information. As 
the PMA data is provided at a location corresponding to 
the lead-in area 1 30 of the disc format for the standard 
recording mode, in the disc format corresponding to the 
high density mode shown in both Figs. 3 and 5, this lo- 
cation of the PMA 1 20 is detected and the PMA data is 
read. As in the case of the standard recording mode, it 
is then confirmed, based on the data reading result, that 
a session has not been closed. Also, disc information 
data is acquired from the PMA data, and whether or not 
disc recording is possible and an address at which data 
recording can be performed is determined. 
[0071] Further, test recording is performed on the 
PCA 220 on the disc at the set recording rate while the 
emission power of the optical head 1 is varied in steps 
corresponding to the disc format of the high density re- 
cording mode. 

[0072] Here, in the disc format of the high density re- 
cording mode shown in Fig. 3, the PCA 220 is provided 
at a location corresponding to the PMA 120 in the disc 
format of the standard recording mode. The location of 
this PCA 220 is detected for test recording, and the 
emission power of the optical head 1 is set to an opti- 
mum recording level at which an error rate can be min- 
imized when reproducing these test recording signals. 
[0073] In the disc format of the high density recording 
mode shown in Fig. 5, on the other hand, the location of 
the PCA 310 corresponds to the PCA 110 in the disc 
format of the standard recording mode. Therefore, sim- 
ilar to the case of the standard recording mode, the lo- 
cation of this PCA 31 0 is detected for test recording, and 
the emission power of the optical head 1 is set to an 
optimum recording level at which an error rate can be 
minimized when reproducing these test recording sig- 
nals. 

[0074] In the high density recording mode, it is possi- 
ble to increase the recording density per unit period us- 
ing the method disclosed in Japanese Patent Applica- 
tion No. 2000-241544 (Japanese Patent Laid-Open 
Publication NO. 2002-056617) filed by the present ap- 
plicant prior to the present application. More specifically, 
the recording density can be increased by recording da- 
ta per predetermined unit based on actual recording ad- 
dress calculated based on the ATIP address and the fac- 
tor of recording density. In this case, assuming that the 
recording density is n times (n > 1) a standard density 
(namely, the factor is n), the actual recording address 
corresponds to n times the ATIP address A. 



[0075] In a state wherein disc recording has been pre- 
pared as described above, a command for requesting 
recording and data to be recorded is transmitted from 
the master device and received via the interface 7, and 
5 the data is written in the buffer RAM 1 1 . 

[0076] Then, when the amount of data written in the 
buffer RAM 11 reaches a level which permits starting of 
the encoding process, the data is read from the buffer 
RAM 1 1 and encoded by the DVD encoder 1 0 for gen- 
erating DVD data having a structure in accordance with 
the data format of the DVD standard. 
[0077] The DVD data is then supplied to the write 
strategy circuit 13, which generates a recording pulse 
based on the DVD data such that disc recording can be 
performed at the optimum recording level set by the test 
recording on the PCA, taking consideration of the re- 
cording characteristics of CD-R or CD-RW depending 
on the recording disc of interest. Consequently, the first 
laser diode 1a of the optical head 1 is driven to form a 
recording mark based on the DVD data on the disc in 
accordance with the recording pulse, thereby recording 
the data onto the disc. 

[0078] In the high density recording mode, data is re- 
corded on the program area 240 or340 in a file structure 
in compliance with the ISO 9660 logical format, a stand- 
ard of CD-ROMs, in which the minimum sector unit is 
2k byte and the recording unit is 32k byte. Therefore, 
when recording is to be completed with a data file of less 
than 32k bite, one or more bits of zero is padded to such 
a file so as to record the file in recording units of 32k bite. 
[0079] It should be noted that redundancy of the data 
format is lower in the DVD standard than in the CD 
standard. Due to this difference in redundancy between 
these data formats, the format efficiency of the data for- 
mat for the DVD standard is 1 .49 times that of the CD 
standard. 

[0080] Further, in the high density recording mode, 
because the actual recording address of the recording 
data to be recorded on the disc can be n times (n>1 ) the 
ATIP address, as described above, the linear recording 
density of recording data to be recorded on the disc can 
be increased without changing the track pitch. 
[0081] In this case, while significant increase in the 
linear recording density cannot be expected due to use 
of laser beam having a wavelength of 780 nm which con- 
forms to CDs, an advantage that an inexpensive optical 
head for CD recording can be used is still achievable. 
Assuming that the linear recording density is increased 
to be 1 .35 times that of CDs, for example, recording in 
the high density recording mode can provide the record- 
ing density of 1 . 35 x 1 .49 = 2.01 in combination with the 
above-described format efficiency, which is about two 
times that by the standard recording mode. 
[0082] Disc reproduction will next be described. 
[0083] When disc reproduction is requested by a re- 
production command transmitted from the master de- 
vice, the system controller 12 switches each circuit into 
a state for performing disc reproduction. Atthis time, the 
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setting of the front-end processor 2, the head servo cir- 
cuit 3, and the laser driving circuit 1 4 is switched so as 
to operate in compliance with the type of disc to be re- 
produced, and the laser diode (1a or 1b) used by the 
optical head 1 and the decoder to be used (5 or 6) are 
switched in accordance with the disc type. 
[0084] When the mounted disc is judged to be a re- 
production only CD or a recordable disc on which data 
has been recorded in the standard recording mode, the 
first laser diode 1a of the optical head 1 is set to the 
emission power level suitable for data reproduction cor- 
responding to the disc type and is driven by the laser 
driving circuit 14. Then, data on the disc D is read by the 
optical head 1 . 

[0085] A signal read from the disc D is processed by 
the front-end processor 2 in a manner suitable to CDs 
to provide an RF signal. The front-end processor 2 then 
supplies CD data, which is binary data of the RF signal, 
to the CD decoder 5 and also supplies a focus error sig- 
nal and atracking error signal to the head servo circuit 3. 
[0086] In the CD decoder 5, the CD data is demodu- 
lated by a decoding process corresponding to a data for- 
mat of the CD standard. 

[0087] The demodulated data is temporarily stored in 
the buffer RAM 1 1 when necessary, and is then supplied 
to the master device connected to the connection termi- 
nal 8 via the interface 7. 

[0088] When the mounted disc is judged to be a DVD, 
on the other hand, the second laser diode 1 b of the op- 
tical head 1 is set to the emission power level suitable 
for data reproduction corresponding to the disc type and 
is driven by the laser driving circuit 14. Then, data on 
the disc D is read by the optical head 1 . 
[0089] A signal read from the disc D is processed by 
the front-end processor 2 in a manner suitable to DVDs, 
to thereby provide an RF signal. The front-end proces- 
sor 2 then supplies DVD data, which is binary data of 
the RF signal, to the DVD decoder 6 and also supplies 
a focus error signal and atracking error signal which are 
also generated by a process suitable for DVDs to the 
head servo circuit 3. 

[0090] In the DVD decoder 6, the DVD data is demod- 
ulated by a decoding process corresponding to a data 
format of the DVD standard. 

[0091 ] The demodulated data is temporarily stored in 
the buffer RAM 1 1 when necessary, and is then supplied 
to the master device connected to the connection termi- 
nal 8 via the interface 7. 

[0092] Further, when the mounted disc is judged to be 
a recordable disc on which data has been recorded in 
the high density recording mode, the first laser diode 1a 
of the optical head 1 is set to the emission power level 
suitable for data reproduction corresponding to the disc 
type and is driven by the laser driving circuit 14. Then, 
data on the disc D is read by the optical head 1 according 
to a process corresponding to the disc format of the high 
density recording mode. 

[0093] A signal read from the disc D is processed by 



the front-end processor 2 in a manner suitable to DVDs 
to provide an RF signal. The front-end processor 2 then 
supplies DVD data, which is binary data of the RF signal, 
to the DVD decoder 6 and also supplies a focus error 
5 signal and a tracking error signal which are generated 
by a processing suitable for the recording CD to the 
head servo circuit 3. 

[0094] In the DVD decoder 6, the DVD data is demod- 
ulated by a decoding process corresponding to a data 

10 format of the DVD standard. 

[0095] The demodulated data is temporarily stored in 
the buffer RAM 1 1 when necessary, and is then supplied 
to the master device connected to the connection termi- 
nal 8 via the interface 7. 

15 [0096] In CD-R/RW drives corresponding to the exist- 
ing recordable CD standard, at the time of detection of 
disc type being used, when the ATIP signal is detected 
and data is acquired from the PCA, but when the ac- 
quired data cannot be read, the disc is judged to be an 

20 abnormal disc and error processing is performed as in- 
dicated by dotted line as step i in Figs. 4 and 6. 
[0097] Accordingly, existing CD-R/RW drives judge a 
CD-R disc or a CD-RW disc on which data has been 
recorded in the disc format forthe high density recording 

25 mode to be an abnormal disc and perform an error 
processing. 

[0098] However, in some existing CD-R/RW drives, 
the emission power of the first laser diode 1 a of the op- 
tical head 1 can be set to a standard recording level 

30 which is previously set in the write strategy circuit 13 
and continue a recording operation, even when data 
cannot be obtained from the PCA. 
[0099] In order to correctly recognize a disc on which 
data has been recorded in the high density recording 

35 mode as an abnormal disc, the disc format of the high 
density recording mode as shown in Fig. 5 can be adopt- 
ed in an existing drive. 

[0100] Specifically, when data has been recorded on 
a disc in the disc format of the high density recording 

40 mode shown in Fig. 5. the PMA data cannot be read 
even by such an existing drive which can proceed to sig- 
nal detection from PMA regardless of whether or not da- 
ta can be obtained from the PCA. Therefore, such a disc 
is determined to be an abnormal disc and is subjected 

45 to error processing as shown in step i in Fig. 6. 

[0101] As described above, CD-R and CD-RW discs 
on which data has been recorded in the high density re- 
cording mode in compliance to the DVD standard data 
format cannot be identified as a disc on which data has 

50 been normally recorded corresponding to the CD stand- 
ard. Accordingly, among CD-R and CD-RW discs, a disc 
having data recorded in the high density recording mode 
and a disc having data normally recorded in the stand- 
ard recording mode corresponding to the recording CD 

55 standard are discriminated prior to disc recording. 
[0102] While the CD decoder 5, the DVD decoder 6, 
the CD encoder 9 and the DVD encoder 1 0 are shown 
as separate blocks in Fig. 1 for convenience of expla- 
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nation, all these circuits 5, 6, 9, and 10 may be formed 
on a single LSI. 

[0103] While the preferred embodiment of the present 
invention has been described using specific terms, such 
description is for illustrative purposes only, and it is to 
be understood that changes and variations may be 
made without departing from the spirit or scope of the 
appended claims. 

Claims 

1. An optical disc apparatus for recording data by 
emission power from an optical head on a recorda- 
ble optical disc corresponding to a first optical disc 
standard, comprising: 

a signal processor for applying signal process- 
ing to input data to generate recording data in 
accordance to a disc format which conforms to 
a second optical disc standard having a higher 
format efficiency than that of the first optical 
disc standard; 

wherein the recording data generated by the 
signal processor is recorded on a recordable optical 
disc corresponding to the first optical disc standard. 

2. An optical disc apparatus according to claim 1 , 
wherein the recording data generated by the signal 
processor is recorded on the recordable optical disc 
at a linear density which is higher than a linear den- 
sity specified by the first optical disc standard. 

3. An optical disc apparatus for recording data by 
emission power from an optical head on a recorda- 
ble optical disc corresponding to a first optical disc 
standard, comprising: 

a first signal processor for applying signal 
processing to input data to generate recording 
data in accordance with a disc format which 
conforms to the first optical disc standard; 
a second signal processor for applying signal 
processing to input data to generate recording 
data in accordance with a disc format which 
conforms to a second optical disc standard hav- 
ing a higher format efficiency than that of the 
first optical disc standard; and 
a controllerfor selecting the first signal proces- 
sor as a processorfor applying signal process- 
ing to the input data, when a standard recording 
mode is indicated as a data recording mode 
with respect to a recordable optical disc corre- 
sponding to the first optical disc standard, and 
selecting the second signal processor as a 
processor for applying signal processing to the 
input data, when a high density recording mode 



is indicated as a data recording mode with re- 
spect to a recordable optical disc correspond- 
ing to the first optical disc standard, 

5 wherein the recording data obtained by the 

signal processing of one of the first signal processor 
and the second signal processor which is selected 
by the controller is recorded on a recordable optical 
disc corresponding to the first optical disc standard. 

10 

4. An optical disc apparatus according to claim 3, 

wherein the first optical disc standard is a CD 
standard, and the second optical disc standard is a 
DVD standard. 

15 

5. An optical disc apparatus according to claim 3, 

wherein when the recording data generated 
by the second processor is recorded on the record- 
able optical disc, the recording data is recorded at 
20 a linear density which is higherthan a linear density 
specified by the first optical disc standard. 

6. An optical disc apparatus according to claim 3, 

wherein the first optical disc standard speci- 
es fies a disc format which includes a power calibration 
area for adjusting the emission power of the optical 
head to an optimum level for data recording. 

7. An optical disc apparatus according to claim 6, 

30 wherein when data recording in the high den- 

sity recording mode is performed, data irrelevant to 
data recorded on the power calibration area by data 
recording according to the first disc standard is re- 
corded on an area of the recordable optical disc 

35 which corresponds to the power calibration area in 
the data format which conforms to the first optical 
disc standard. 

8. An optical disc apparatus according to claim 7, 

40 wherein, when data recording in the high den- 

sity recording mode is performed, a predetermined 
area other than the area which corresponds to the 
power calibration area in the data format which con- 
forms to the first optical disc standard is used as the 

45 power calibration area. 

9. An optical disc apparatus according to claim 7. fur- 
ther comprising a disc type detection module for de- 
termining the type of a recordable optical disc on 

50 which data is to be recorded, 

wherein the disc type detection module per- 
forms a reading operation regarding the area on the 
recordable optical disc which corresponds to the 
power calibration area in accordance with the first 
55 optical disc standard, and 

the disc type detection means determines the 
recordable optical disc to be a disc on which data 
which conforms to the data format of the first optical 
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disc standard has been recorded, when, as a result 
of the reading operation, the data on the area cor- 
responding to the power calibration area can be 
read as power calibration data which complies with 
the first optical disc standard, and determines the 
recordable optical disc to be a disc on which data 
which conforms to the data format of the second op- 
tical disc standard has been recorded, when the da- 
ta on the area corresponding to the power calibra- 
tion area cannot be read as power calibration data 
which complies with the first optical disc standard. 

10. An optical disc apparatus according to claim 9, 

wherein the controller allows data recording 
in the standard recording mode to be performed on 
a recordable optical disc when the recordable opti- 
cal disc is determined by the disc type detection 
module as a disc on which data which conforms to 
the data format of the first optical disc standard has 
been recorded, and allows data recording in the 
high density recording mode to be performed on a 
recordable optical disc when the recordable optical 
disc is determined by the disc type detection mod- 
ule as a disc on which data which conforms to the 
data format of the second optical disc standard has 
been recorded. 

11. An optical disc apparatus according to claim 10, 

wherein the controller informs a master de- 
vice which instructs data recording to the optical 
disc apparatus, of which of the standard recording 
mode and the high density recording mode is al- 
lowed as a recording mode with regard to the optical 
disc. 

12. An optical disc apparatus according to claim 3, 

wherein the first optical disc standard speci- 
fies a data format which includes a program man- 
agement area for temporarily storing a temporary 
table of contents of the recordable optical disc for a 
period until a session is closed. 

13. An optical disc apparatus according to claim 12, 

wherein, when data recording in the high den- 
sity recording mode is performed, data irrelevant to 
the temporary table of contents which conforms to 
the first optical disc standard is recorded on an area 
of the recordable optical disc which corresponds to 
the program management area in the data format 
which conforms to the first optical disc standard. 

14. An optical disc apparatus according to claim 13 

wherein, when data recording in the high den- 
sity recording mode is performed, a predetermined 
area other than the area which corresponds to the 
program management area in the data format which 
conforms to the first optical disc standard is used 
as an area in which the temporary table of contents 



is written. 

15. An optical disc apparatus according to claim 13, fur- 
ther comprising a disc type detection module for 

5 judging the type of a recordable optical disc on 

which data is to be recorded, 

wherein the disc type detection module per- 
forms a reading operation regarding the area on the 
recordable optical disc which corresponds to the 

10 program management area in accordance with the 
first optical disc standard, and 

the disc type detection means determines the 
recordable optical disc to be a disc on which data 
which conforms to the data format of the first optical 

15 disc standard has been recorded, when, as a result 
of the reading operation, the data on the area cor- 
responding to the program management area can 
be read as the temporary table of contents which 
conforms to the first optical disc standard, and de- 

20 termines the recordable optical disc to be a disc on 
which data which conforms to the data format of a 
predetermined second optical disc standard which 
differs from the first optical disc standard has been 
recorded, when the data on the area corresponding 

25 to the program management area cannot be read 
as the temporary table of contents which conforms 
to the first optical disc standard. 

16. An optical disc apparatus according to claim 15, 
30 wherein the controller allows data recording 

in the standard recording mode to be performed on 
a recordable optical disc when the recordable opti- 
cal disc is determined by the disc type detection 
module to be a disc on which data which conforms 

35 to the data format of the first optical disc standard 
has been recorded, and allows data recording in the 
high density recording mode to be performed on a 
recordable optical disc when the recordable optical 
disc is determined by the disc type detection mod- 

40 ule to be a disc on which data which conforms to 
the data format of the second optical disc standard 
has been recorded. 

17. An optical disc apparatus according to claim 16, 
45 wherein the controller informs a master de- 
vice which instructs data recording to the optical 
disc apparatus which one of the standard recording 
mode and the high density recording mode is al- 
lowed as a recording mode with regard to the optical 

50 disc. 

18. An optical disc apparatus for detecting a format type 
of data recorded on a recordable optical disc corre- 
sponding to a first optical disc standard which spec- 
ks ifies a disc format including a power calibration area 

for adjusting emission power of an optical head to 
an optimum level for data recording, 

wherein a reading operation regarding the ar- 
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ea on a recordable optical disc which corresponds 
to the power calibration area is performed accord- 
ing to the first optical disc standard, and 

as a result of the reading operation, the re- 
cording optical disc is determined to be a recordable 5 
optical disc corresponding to the first optical disc 
standard on which data has been recorded in a data 
format conforming to a predetermined second opti- 
cal disc standard which differs from the first optical 
disc standard, when the data on the area corre- 10 
sponding to the power calibration area cannot be 
read as power calibration data which conforms to 
the first optical disc standard. 

19. An optical disc apparatus for detecting a format type *5 
of data recorded on a recordable optical disc corre- 
sponding to a first optical disc standard which spec- 
ifies a disc format including a program management 
area for temporarily storing a temporary table of 
contents of a recordable optical disc for a period un- 20 
til a session is closed, 

wherein a reading operation regarding the ar- 
ea on a recordable optical disc which corresponds 
to the program management area is performed ac- 
cording to the first optical disc standard, and 25 

as a result of the reading operation, the re- 
cording optical disc is determined to be a recordable 
optical disc corresponding to the first optical disc 
standard on which data has been recorded in a data 
format conforming to a predetermined second opti- 30 
cal disc standard which differs from the first optical 
disc standard, when the data on the area corre- 
sponding to the program management area cannot 
be recorded as the temporary table of contents 
which conforms to the first optical disc standard. 35 
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